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Appendix A

Stress Induced in Geomembrane and Geosynthetic Clay
Liner |
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STRESS INDUCED IN GEOMEMBRANE AND GCL

OBJECTIVE: Estimate the stress induced in the geomembrane and geocomposite clay (GCL) liner due to
the self and overlying material weight and subgrade settlement

METHOD: The stress induced in the geomembrane and GCL are due a combination of the weight of the
material and the strain applied to the material due to settlement of the underlying layers.

ASSUMPTIONS: Use GSE 60 mil textured HDPE geomembrane and Cetco GCL
CALCULATION:

Self and overlying weight: Based on EDF-ER-268, the minimum interface shear strength for the
liner system is 29.3°. The liner system slope angle is 3H:1V (18.4°); therefore, since the interface
friction angle is greater than the slope angle, there is no net stress on the liner system.

Settlement:
Minimum horizontal sfope length: 85 ft See page 2, Drawing C-302
Minimum vertical slope length: 28 ft See page 2, Drawing C-302
Initial three dimensional slope length (I,): 89.49 ft
Maximum vertical displacement 1.2 ft Based on results of EDF-ER-266
Final vertical slope length: 292 ft
Final three dimensional length (I): 89.88 ft

Liner strain {(I - I,),): 0.004258
0.425783 %

HDPE Liner Stress (s = EV)

HDPE Tensile Strength at Yield: 130 Ib/in  See specification sheet
HDPE liner thicknes_s: 0.060 in
HDPE liner elastic modulus: 2,166.667 psi
Liner stress (§): 9.225299 psi
Safety Factor (Allowable elastic stress/applied stress): 234.86

CONCLUSIONS: Based on the calculations, the subgrade settlement will have no detrimental effect
on the HDPE liner system.

GCL Liner Stress

Elastic properties for GCL material are not normally determined. A standard physical property
specified is grab elongation. Therefore the estimated strain will be compared to the GCL
grab elongation.
Estimated strain from above calculation: 0.425783 %
GCL grab elongation: 50 % per company representative
Safety Factor (Allowable strain/applied strain) 117.43
CONCLUSIONS: Based on the calculations, the settlement of the subgrade will have no detrimental effect

on the GCL liner system.
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Designing for Separation E{?Q\:‘;;

Solwtlon: (a) Using a maximum strain of 33%., the value of fle)
required grab tensile strength is as follows: .
Trees = p'(d.}(0.52)
= p'(0.33 4,)%(0.52)
= 0.057 p'd}
= 0.057(100%(2.0)°
= 22.61b.

N
5{*

(b) The global factor of safety on & 125-1b. ultimate grab tensile geotextile
with partial factors of safety of 2.5 is as follows:

Tusew
S T

» 4 e

125125
22.6

= 2.2, which is acceptable.

21.5.4 Puncture Resistance

Although not only related to the separation function, the geotextile during its
placement must survive the installation process. Indeed, fabric survivability is crit.
ical in all types of applications; without it, the best of designs are futile {recall
Section 2.2.5.1). In this regard, sharp stones, tree stumps. roots, miscellaneous
debris, and other things oa the ground benesth the geotextile could puncture
through the geotextile after stone base and traffic loads are imposed above it. The
design method suggested for this situation is shown schematically in Figure 2.29.
For these conditions, the vertical force exerted on the geotextile (which is gradually
tightening around the protruding object) is a3 follows:

Fop = p'diS: 55, (2.30)

whﬂfﬁﬂﬁemwmmhm

p' = the pressure exerted on the geotextile (approximately 100% of tire
inflation pressure at the ground surface for small stone thicknesses),

d, = melwmdthepmrmgw«mwm.

5, = protrusion factor .}gd“

k. = protrusion height =

$; = scale factor to adjust ASTM mimﬁvﬁ:m?sﬁtﬁm
puncture probe to actusl puncturing

5, = shape factor to adjust fiat puncture probe of ASTM D4833 1o actusl
shape of puncturing object = 1 — A,M.(vakmu(&,m.muued
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range from 0.8 for Ottawa sand B.?iarmm‘-hnkm g
crushed rock. and 0.3 o shot rock);
A, = projected ares of perticle, and

A, = ares of smaliest circumscribed circle,
What is the factor of safety against puscture of a geotextile from a 2.0-in. stone
by & loaded truck with tire inflation pressure of 30 [b./in.’ traveling on the surface
of the stone base? The geotextile has an ultimate puncture strength of 45 1,
according o ASTM D4833.
Solutien: Using the full stress on the geotextile of 80 Ib./in.* and factors of 0.33,
0.155, and 0.6 for §y, $;, and S, respectively,

Foo = PSS

= 80 x (2.0/%0.33)(0.135)(0.6)
=982 .

Assuming that the cumulative partial factor of safiety is 2.0, the global factor of
safity is as follows:
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(See Drawing C-302 of the ICDF Draft Final Drawings for details)

A-7



431.02 ENGINEERING DESIGN FILE Functional File No. NA ;
0971972000 EDFNo. ER-263
Rev. 08

Project File No.: NA ‘ 2. Project/Task: ICDF

Subtask: Slope Stability Assessments

Title: Slope Stability Assesmems (TitleD)

bl R

- of the liner system for the ICDF landfill and ICDF evaporation pond. These stahility evaluations
" included veneer stability, global stability, and stability after excavation. Vencer stability involves

Surimary;
This report documents the slope stability evaluations that were perfumwd to aid in the design

evaluation of the potential for sliding of the drainage Iayer on the liner system before refuse is placed.
Global stability invoives evaluation of the potentiaf for sliding during operation of the landfill and of
the stability of the final landfill configuration with the cover in place. Stability after excavation

involves evaluation nfsmbﬂ:ty, ﬁnmeé;stsly after excavation of the landfill and before phmmm of

the lining system.
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For veneer stability of the lining system, strength values based on test data conducted under low
normal stresses were considered appropriate. For this project, low normal stress—in the context of
veneer stability—was limited to stress levels less than 600 pounds per square foot (psf), or an equivalent
of up to about 5 ft of soil. Interface shear strength data applicable to this stress level were then modeled
using linear regression. In the regression analysis, the interface shear strength was represented by an
effective friction angle by forcing the cohesion intercept to zero. The idea of using the effective friction
angle to represent the shear strength of the interface at low normal stress is to maintain the magnitude of
the shear strength while eliminating the dependency on the cohesion intercept in the strength parameter
determination. For low effective confining pressures, this approach allows the shear strength to approach
zero as confinement goes to zero.

Appendix A contains the database of interface shear strength tests that were analyzed. Material
interfaces in which test data has been analyzed under this task include soil/geocomposite, textured
HDPE/geocomposite, textured HDPE/GCL, and GCL/geocomposite interface. Based on the measured
and reported interface strength data, peak and residual strengths of lining material interfaces were
evaluated. For veneer stability analysis, however, residual strengths are considered to be appropriate
(Stark and Poeppel 1994). For the soil/geocomposite interface shear strength, test data that indicate a
mixture of sand and gravel (with and without silt) for the soil component, consistent with the description
of the on-site native material, were evaluated in the analyses. Shear strength data for CCL/textured
HDPE interface were not analyzed due to the inadequate amount of data that is available. In the absence
of adequate data, test results from the Cedar Hills Regional Landfill (CHRL) project (CH2M HILL 1998a
) were used in the analyses. These results indicate an interface friction angle of about 25 degrees and a
cohesion of zero for the CCL/HDPE interface. Additional site-specific testing is recommended to
confirm this value, as discussed in “Evaluation of Geotechnical Investigations and Calculations Required
to Complete Design and Construction” (DOE-ID 2001b). Results of site-specific interface shear testing
will be reported in the 90% Remedial Design/Remedial Action (RD/RA) design submittal. Analyses
presented herein will be revised if lower strength values arc obtained from the site-specific testing.

Based on the above evaluations, the critical interface for the veneer stability analysis appears to be
the non-woven GCL/non-woven geocomposite interface. A residual friction angle of 19 degrees was
developed from the existing data for low normal stress for this interface. Most recent test results provided
by Montgomery Watson (1999) using exactly the same materials proposed for this project, except that the
woven side of GCL was used, indicate an effective residual interface friction angle of 24 degrees. In this .
project, it is proposed that a non-woven side of GCL will be placed in contact with the geocomposite, *(
which, as a result, could yield a higher residual friction angle than the 24 degrees that was reported. For
this reason, and the fact that actual test results are available for the proposed lining material, it was
decided to use a residual friction angle of 24 degrees for the GCL/geocomposite interface. This value
matches the residual interface friction angle for the HDPE/geocomposite interface as the most critical
interface for veneer stability. It is recommended, however, that actual interface shear strength tests be
conducted for the non-woven GCL/non-woven geocomposite interface to confirm this value. Results of
site-specific interface shear testing will be reported in the 90% RD/RA design submittal. Analyses
presented herein will be revised if lower strength values are obtained from the site-specific testing.

The analysis for self-weight (Case 1) involved an evaluation of veneer stability under the load of
the 3-ft-thick operations layer only. For equipment loads (Case 2), an equivalent equipment weight of
4,400 pounds per lineal foot of lining system such as that caused by a D6H Caterpillar dozer was assumed
during placement of the drainage layer over the HDPE geomembrane. It was further assumed for this
loading case that the seepage height would be zero. For the seepage case (Case 3), the maximum
allowable head over the side slope lining system is 6 in. for stability purposes. FSs comresponding to
seepage heights of 3 in. and 6 in. were evaluated. A maximum slope height of 40 ft was used in running
the SLOPBASE program.
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The purpose of this calculation is to determine the maximum consolidation in the landfill
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6. RESULTS AND CONCLUSIONS

6.1 Maximum Differential Settlement

The maximum total settlement at the center of the landfill is conservatively estimated to be 1.2 ft. *
Differential settlement is a function of the maximum total settlement and will be less than the total
settlement; however, it is difficult to estimate. So, as a worst case, the maximum differential settlement is
assumed to be equal to the maximum total settlement of 1.2 ft.

6.2 Stress and Strain in Liner Components

As the bottom of the liner consolidates, it will distort creating strain in each of the liner
components. Assuming all the settlement occurs near the center of the landfill and no settlement occurs
on the ends, the maximum differential settlement will be 1.2 ft as described previously. The floor of the
landfill in its shortest direction is approximately 528 ft. (EDF 265 — Air Space Volume Calculation. The
resulting strain is calculated below:

6= L/L"' Ll La
/g
9 A
Le
Where,
€ = Strain

L¢= Final length

L; = The length on which the distortion acts
6 = Angle of rotation
A = Distortion

Using half of the width of the landfill, the maximum amount of strain is 0.001%. The calculation is
presented below:

LS50 e
9=Sin" 1247 0.26
264 fi

L, = 264-—3@?— = 264.003
c0s(0.39)

,_ 264004126411 _ 0.003ft
- 264 f1 264 fi

%x100=0.001%
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GSE bra pmdwmn mmlg fgm;mjeb:;?h pblyeihyleuane ‘HDPS

e g xe mel geomembrane a specia u wrgin resin, o
""'Yl’e"'=‘|'|":"|‘”"F'ex~ textured using GSE's patented FrictionFlex® process. The polyethylene resin is
Textured Hyperﬂg,x designed specifically for flexible geomembrane upplications. HyperFlex has
HDPE Geomembrane ovistanding resisiance fo UV radiation and stress cracking and is therefore highly

) suited for exposed applications. The FriciionFlex process is the only monufoctring
method thot provides o texiured materiol without significant reduction of any of the
physical properties of the smooth surfaced membrane, No ofher textured membrane
provides on equivalent combination of enhanced slope stability and resistance to

containment fuilure if seitlement of the lined siructure oceurs.

MINIMUM VALUES

TEST METHOD

Thickness, mits (i) ASTM D 751/1553/5199 sEen ~ se03n) 72080 %0025
Dassly, e’ _ASTM D 75271505 oo ThS o 04
‘Tersiie Propesties feach direction] ASTM D 638, Type IV

Strength st Break, {bfin-widh (Namm) Oumbedl, 2ipm 16208 24343 32467 A5

Strength at Yisld, Ibfinowidth (Nemm) 8605 1300y 173060 668

Elongtion 2t Break, % GL. =25 in{64 mvm) 500 560 360 550

Shongaton at Yiekd, % GL. =13 in 03 men) 13 13 13 13
Tear Resistanon, b {N) ASTM D 1004 30033 45000 Qe 750N
Puncture Resistance, (b () FIMS 101, Method 2065 520331) 80056 W5H67) 130G
Carbor Black Content, % ASTM D 1603 ] 20 20 20 20
Enviranmestial Siress Crack Resistance, he ASTM D 1692, Cond. B 1500 1560 1500 1500
o e e e e
REFERENCE PROPERTY TEST METHOD - NOMINAL VALUES
Thickness, mils {mm) ASTI D 751159345199 80 8018 0p0  10egs
Roll Length tappoendmmate), i (m) 665 216} 420215} 350007 280(85)
Low Termperatue Erttleness, °F ('C ASTMD 746, Cond. B <1 e??) | Wl <7 e?l) <102 k7D
Oxidative Induction Time, minutes ASTM D 3895, 200 °C 100 100 100 1w

Pure Oy, 1 akm

Carbon Black Dispersion ASTM © 3015 ALAZB!  ALA2BY ALA2BT  ALAZBI -
Dirmensional Siability feach deections, % ASOM D 1204.100°C 18 a2 £2 £2 &2

A 10 510
is ovollable in mlls appeosimaly 22.5 ﬁﬁ?nﬁm&%ﬁ?ﬁm}wﬂeaﬁmcbwﬁ,soolz(l,sﬂsl:g;
Application

mmﬁmmmbﬂewmﬁ See the FricionFlex
FricicnFlao esduring process.

** Rol lengths cormespond 1o the 24 & [7.3 m] wide roll goods,

This information i provided koc reference purposes only and is not inkended a3 o worranty o guarantee. GSE assumes no fiobilty in connedtion with
the vse of this Information. Check with GSE for current, stondord mirdmum quolity assoronce

proceduras.
‘C«hmhﬂm«&:dGSEhmngm Inc. are regisesed in the Unlled Siotes and cerdcin forsign countries. GSE &s o registerad fredemark
of GSE Lining Technology, inc.

mmmmmwmmmmesa

C5F Uning Tochaology, lnc. G5 Lining Tachaogy Gublt Sebes /tnstelletion Offces ; ,
19163 Gondle Rood Bt Sroe 113 oy
w Gormony iked Kingdom
WHOON, B SR04
X 200054010 B 0767421
Far environmental lining sofotions...the woeld comes fo GSE*
A Gendls/S1T Enviremmentol, Joc. Company
DS 002 ROSO4/SE
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Required Puncture Resistance of
Geotextile

OBJECTIVE: Determine the puncture resistance of the cushion geotextile required to prevent puncturing of the
geomembrane by gravel layer

METHOD: The cushion geotextile is intended to protect the geomembrane from punctures caused by the gravel
layer above the geomembrane. The required puncture resistence for the cushion geotextile will be dictated by the
largest particle diameter for the gravel layer under the force provided by the waste and cover system above. The
required puncture resistance was solved for using the formula presented in "Designing with Geosynthetics" 3rd
edition, Koerner, 1995, pg 165 (see page 5 of this appendix). The formula is given below.

F{eq=plﬂd32‘s1*s2'ss

Freq- required vertical force to be resisted

p' - pressure exerted on geotextile

d. - average diameter of puncturing aggregate

S, - protrusion factor, hy/d,

hy - protrusion height <= da

S, - scale factor to adjust ASTM D4833 test value using 5/16" diameter rod to the actual puncturing object = dyobe/da
dprobe - Probe diameter which is 5/16" for ASTM D4833

S; - shape factor to adjust test puncture probe of ASTM D4833 to actual shape of puncturing object = 1 -Ay/A.
(values range from 0.8 for round sand, to 0.7 for run-of bank gravel, to 0.4 for crushed rock, to 0.3 for shot rock)
A, - projected area of particle

A. - area of smallest circumscribed circle

Calculation:
Maximum elevation of cover system: 4974 #t See pg 2 drawing C-304
Minimum elevation of liner system: 4884 ft See pg 3 drawing C-301
Maximum waste thickness: 90 ft
Estimated waste density: 133.5 pcf from EDF-ER-266
Average aggregate diameter (da): 0.67 in 17mm = 0.67 in for Gravel Dg
Probe diameter (dprobe): 0.3125 in
A/A ratio: 0.4 conservate assumption, see pg. 5
Maximum anticipated pressure on the liner system (p'): 83 psi
Protrusion factor (S4): 0.50 assume hy = 0.5 d,,

Scale factor (Sz): 0.47
Shape fator (Sa): 0.6

Freq: 5.2 lbs

Installation Chemical Bio
Damage Creep Degradation Degradation
Typ Cushion Reduction Factors Ranges (Koerner,p. 149) 11to25 1.51t02.0 1.0to2.0 1.0to 1.2
Reduction Factors Used: 2 2 1.5

Total RF: 6.6

Geotextile Specified Puncture Resistance: 135 lbs

Faitow: 20.5 |bs
FS = Fatow/Freq: 39
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landfilldesign.com awm* e

Safety Factor Against Geomembrane Puncture - Liesign Calculator

Dusts MBx 05 MM by

Daun £21
Problem Statement @ ugts 2 [Smmz Ogy
e = s— 2 (,uuj?ﬂ(l‘"‘(

There are many clrcumstances where geomembranes are placed on or benealh sous containmg relatlvel
large-sized stones. For example, poorly prepared soil subgrade with stones proatruding from the surface, and Y’
cases where crushed-stoned drainage layers are to be placed above the geon smbrane.

In all of these situations, a nonwoven needie-punched geotextile can provide s:gnificant puncture protection to
the geomembrane. The issue of determining the required mass per unit area ¢ the geotextile becomes

critical, @ ustd ou (" RQ,_
The method presented herein (Koerner, 1998) focuses on the protection of 1.5 mm thick HDPE  aud R Fe P
geomembranes. The method usas the design by function approach. L
chovs
P
P
where:
FS factor of safety against geomembrane puncture
Poct actual pressure due to the landfill contents or surface impoundment
Pallow allowable pressure using different types of geotextiles and site s ecific conditions.
Panow IS determined by the following equation:

M ! !
Pun= 50+0.00045—ﬁ2— [MFS * MF X MFA] RF *_R_Fcpp:|

where:
Symbol| Name Junit
Paow [|allowable pressure J[EPa
M __ |lgeotextile mass per unit area J]g_@g
_H_lﬁeight of the protrusion abave the subgrade m ]
MFﬂﬁodiﬁcation factor for protrusion shape -
MFgp, "modification factor for packing density -
MF, “modiﬁcaticn factor for arching in solids -
RFc.ﬂlgducﬂon factor for long-term creep -
RFcqap ”reduction factor for long-term chemical/biological degradation|}-
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Evaporation Pond Wind Lift Analysis

OBJECTIVE: Determine the necessary anchorage to negate HDPE geomembrane movement
due to the wind in the evaporation pond. Determine this for both short and long term conditions.

METHOD: Use design tables from Koerner and Wayne, Effect of Wind Uplift on Liner Systems,
Geosynthetic Fabrics Report, July/August 1988. A wind speed of 70 mph will be used based on EDF-ER-323,
Evaporation Pond Berm Overtopping Analysis, which used this value to calculate wave runup within the
evaporation pond.

ASSUMPTIONS: Sand bags are asssumed to be 70 |bs each {minimum)

CALCULATIONS:

Short Term: Sand bags will need to be placed on top of the geomembrane liner after installation
because the geomembrane is the upper most layer in the evaporation pond liner system.

The short term wind speed of 35 mph was used which is approximately half of 70mph which is
the upper end of wind speed gusts measured.

Based on attached Figures 3 - 10, the average Cp (pressure coefficient) is -0.2
Use Table 2(b), and a Cp value of -0.2 to determine sand bag spacing,

25 mph wind - 1 sand bag per 219 ft?
50 mph wind - 1 sand bag per 54.8 f°

Using linear interpolation of these values to determine the area per sand bag for a 36 mph wind, one sand
bag should be placed for every 153 square feet.

Sand bags should be tied off every 5 linear feet along the rope. To determine the bag line spacing, divide
153 square feet by 5 feet.

Sand Bag Line Spacing = 153 sq. ft/ 5 ft = 30.6 ft or approximately 30 feet

Long Term:

A long term wind speed of 45 mph was used which is approximately 65% of 70 mph which is
the upper end of wind speed gusts measured.

Based on attached Figures 3 - 10, the average Cp (pressure coefficient) is -0.2
Use Table 2(b), and a Cp value of -0.2 to determine sand bag spacing,

25 mph wind - 1 sand bag per 219 ft2
50 mph wind - 1 sand bag per 54.8 ft2

Using linear interpolation of these values to determine the area per sand bag for a 45 mph wind, one sand
bag should be placed for every 86.2 square feet.

Sand bags should tied off every 5 linear feet along the rope. To determine the bag line spacing, divide
86.2 square feet by 5 feet.

Sand Bag Line Spacing = 153 sq. ft/ 5 ft = 17.2 ft or approximately 15 feet

For long term conditions, in addition to sand bagging it is suggested that the bottom of the pond be covered
with a minimum of either soil or fluid in the bottom to counterweight additional long term uplift
pressures due to wind.

Conclusion: For short term conditions, sand bags should be placed at a 30 feet spacing. For long term
conditions, sand bags should be placed every 15 feet and either fluid or soil should be placed in the bottom.

C3
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08 a% 18 246 %3 24
-0.8 1.8 %31 s 205 B
-3 16 A% 4 %86 3
Tobis 3s} Sosdlhag spacing requirsments In 17 necetsiry t9 cawgensate for th
wuplift forons found in Tabie 2(x). )
Wind Speed — 25 mph 80 mph 5 mpls +00 mph 128 mph
21 58 243 1317
-tk s 14 22 &5 2‘3
-08 73 3 1 a5 238
=08 54.8 137 81 34 22
-1 .38 n 4% 27 18
walue of aplift pregsize can then be resinted by whatever Reforences

mechaatsm s available, ¢.§., tires or samdbags.

To illusirate vte of te: informistion, we ki
developed example design tables and an iustrative prob-
fem. Table 2{x) has been devciopod od the basis thae xir

density i conscrvatively taken ut sex level (z = Q00377

M’}lﬂﬂﬁ‘ﬂg\w&tmm&ﬁ 50,75, 100, and
25 mph. Caloulaind sandbap speciops were based on the
mdﬂhm@qpu&mp&aﬂdhfmm}
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the extire sie ik ooly whert segatve values of C, exin
Thas Sor G section illastraitd s Figure 3, with a dedign
wind veloclty of 75 mph, uplift presseres will devclop as
ghown in Figure 11(a), To resist sch forces, sandbags
weighing 70 b each would be roquired &t shown & Figere
11¢b).

Conclusion
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grosynihetics bave cxpericnced wind-related coastruction
probienss. For example, geotextiles tsad 0 tard effective
arscking in highway nehabititation and geoexiiles witd da
siapes for erosion coatrol sysiers have boen knows o be
problzmatie in high wind locations. The wchniques pre-
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Appendix D

Anchor Trench Pullout Resistance Calculation
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ANCHOR TRENCH PULL OUT RESISTANCE CALCULATION

Objective: Determine Anchor Trench Pull Out Resistance

Input:
Minimum Liner interface friction angle (d):

Minimum Liner interface adhesion (a):

Cover Soil Density (Jcs):
Anchor Trench Soil Density (g):
Anchor Trench Width (Lay):

Anchor Trench Depth (day):

Operations Layer Thickness (d):
Runout Trench Length (Lgo):

Anchor Trench Backfill Friction Angle (f):

Anchor Trench Runout Resistance

Pry = (spytand + a) Lgo

Sm = Gos des
Spy = 360 psf
Pry=  606.068 Ibs/ft

Anchor Trench Sidewall Resistance

ko=(1-sinf)
ko= 05
shavg =l ° Savgv
shavg = 235
shavg =5m

psf

Pry = (Spatand + a) dar
Pry= 263.75 Ibs/ft

Total Anchor Trench Pullout Resistance
Tf=Pr1 +P,2+ P,g
Tr= 1520.78 |bs/foot

Conclusion:

29.3°
0 psf
120 pef
110 pcf
2 ft
2 ft
3 ft
3 ft
30 °

{(Nonwoven GCL/composite drainage net,
see attached shear strentgh information from EDF-ER-268)
(Nonwoven GCL/composite drainage net,
see attached shear strentgh information from EDF-ER-268)

Anchor Trench Bottom Resistance

Pry = (Sp2 tand + a) Lar
Sn2= (gm des)+H(G dar)
Snz= 580 psf

Pr; = 650.96 Ibs/ft

Average normal stress through anchor trench
Savgy = (Sn1 + Sp2)/2

Sawgv= 470 psf

Anchor trench pullout capacity of 1521 Ib/ftis greater than the 440 Ib/ft that is required to maintain a slope
stability safety factor for Case 1 presented in EDF-ER-268. This case is disussed in EDF-ER-268.



ICDF - Interface Strength Values for Veneer Stability Analysis

{EDF-ER-268, Section 3)

bErengﬂi calc. from

Site-Specific Test

regression analysis® Resuits®

Friction  |Apparent

Angle Cohesion |Effective Friction
Lining System Interface Friction Angle (deg) (deg) (psf) Angle® (deg)
Ops Soil/Composite Drainage Net (CDN) 38.0 38.6 86 44.5
CDN/Textured HDPE 24.0 17.8 220 37.5
Textured HDPE/GCL 26.0 27.6 279 47.0}
GCL/CDN 19.0° 29.3 0 29.3]
Textured HDPE/CCL (Soil-Bentonite) 25.0° 30.8 129 40.7]

Notes:

2. See regression graphs in Appendix A, EDF-ER-268; cohesion = 0 psf in regression analysis
b . Testing by Precision Geosynthetics (6/01) on site-specific lining materials; normal stress - 100, 250 and 500 psf
€ - Calculated at normal stress of 500 psf with Cohesion = 0 psf

9. 19 deg calc from data, however 24 deg (based on MW tests) used in analysis; see p. 3.3 in EDF-ER-268

° - from CHRLF data (1998) see p. 3.3 in EDF-ER-268
' Site-specifc test data on Soil-bentonite compacted to 87% modified; tests currently being rerun at 92%
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Appendix E

Water Erosion of Final Cover Surface
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WATER EROSION OF SOIL COVER

OBJECTIVE: Determine the cover soil erosion due to surface sheet erosion.

METHOD: The Modified Universal Soil Loss Equation (MUSLE) was used to calculate the average annual soil
erosion resulting from sheet flow across the top surface of the final cover. This is the method presented in
NUREG/CR-4620 for use at uranium mining tailing impoundments with a 1000 year design life. This method
estimates runoff based on rainfall intensity, soil type, length and slope of the surface, and a control factor which
represents vegetative and mechanical factors. The equation is given below.

A =R'K*'LS*'VM

where:

A = the computed loss per unit area in tons per acre per year with the units selected for K and R properly selected
R = the rainfall factor which is the number for rainfall erosion index units plus a factor for snowmelt, if applicable

K = the soil erodibility factor, which is the soil loss rate per erosion index unit for a specified soil as measured on a
unit plot that is designed as a 72.6 foot length of uniform 9% slope continuously maintained as clean tilled faliow
LS = the topographic factor, which is the ratio of soil loss from the field siope length to that from a 72.6 foot length
under other wise identical conditions.

VM = the dimensionless erosion control factor relating to vegetative and mechanical factors. This factor replaces
the cover management factor (C) and the support factor (P) of the original USLE.

CALCULATIONS:
Ryegrass Flats and WRRTF Borrow Soil Areas Ryegrass Flats and WRRTF Borrow Soil Areas
(see attached particle size distribution) (see attached particle size distribution)
Percent Percent
silt and very Sand
Sample # fine sand Sample # ](0.1 - 2.0 mm)
#1-O 94 #1-0 6
#1-0O,#2 93 #1-0,#2 7
#1-P,#1 80 #1-P#1 20
#1-P#2 95 #1-P#2 5.
#1-Q,#1 94 #1-Q,#1 6
#1-Q,#2 96 #1-Q#2 4
#3-O,#1 58 #3-0,#1 42
#3-O,#2 90 #3-0,#2 10
#3-P,Alt. #1 90 #3-PAlt. #1 10
#3-P, Alt. 2 92 #3-P, Alt. 2 8
#3-Q,#1 92 #3-Q,#1 8
#3-Q,#2 80 #3-Q,#2 20
Maximum 96 Maximum 42
Average 87.83 Average 12.17
K= 0.7 (use attached nomograph to determine K)
R= 20 (use attached figure 5.3 to determine R)
LS = 650 + 450s + 655° Lm
10,000 + §° 72.6
where:

s = slope steepness in percent
m = exponent dependent upon slope steepness
L = slope length in feet

s = 7 (see attached drawing)
m= 05 (see attached Table 5.2)
L= 434  ft (see attached drawing)
LS= 2.077623
VM = 0.18 (average of seeding values shown in table 5.3)

A= 5.235609 tons per acre per year

E-3



Determine the thickness of cover erosion per year.
Assume the density of the cover soil is 110 pcf
Erosion= 0.002185 ft per year
Design Life Erosion = 2.185328 ft per 1000 years
26.22 in per 1000 years
66.61 cm per 1000 years

CONCLUSION: Overbuild the cover thickness by at least 73 cm to compensate for the erosion estimated over the
1000 year landfill service life.
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RYE GRASS FLATS

® Boring 1-P
» Boring 1-O *TP-1 » Boring 1-Q
¢ L]
TP-2 CR-2/BOR-1B
o TP-4
e TP-3

Figure 4-4. Rye Grass Flats boring and test pit locations.
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5.1,2.3 The Topographic Facter {LS)

Atthough the effects of both length and steepness of slope have been
{nvestigated separately in different research efforts, it is more con-
venient for analytical purposes to combine the twp 1ato one topographic
factor, LS. #ischmeier and Smith (1978) developed plots correlating the
topographic factor for slopes up to 500 meters in length at slope inclina-
tions frow 0.5% up to 50%. Note that flat, short slopes will have less
erosion than long, steep slopes and it is to the benefit of the design
engineer to optimize slope length and gradients to fit the topography.

The equation to determine the LS factor is as follows:

2
650 + 4505 + 655 L w (5.2)

LS = o 7
10,000 + s© 12.6

where LS = topographic factor
{ = slopa length in feet
$ = slope steepress in percent
m = exponent dependent upon slope steepness

The slope dependent exponent m is presented in Table 5.2,

Table 5.2 Slope Dependent Exponent

Slope {percent) m

s <1.0 0.2
1.0 ¢ 5 < 3.0 0.3
3.0 <s < 5.0 0.4
5.0 <« £210.0 0.5
s > 10.0° 0.6

5.1.2.4 The WM Factor

The ¥M factor is the erosion control factor applied ia place of the
cover and erosion control factors found in the USLE. The erosion control
factor accounts for measures implemented at the construction site to
include vegetation, mulching, chemical treatments and sprayed emulisions to
impade or reduce erosion due to the overland flow of water, Values of the
M factor relative to site-gspecific conditions are presented in Table 5.3.

The VM factor 15 perhaps the most sensitive factor to effect the
computed erosion loss for a given site. As shown by the values presented
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on Table 5.3, the development of a permanent vegetative cover can have a
significant impact in reducing the computed erosion loss. However, the
effectiveness of a vegetative cover over long-term periods should be
questioned unless other protective schemes, such as armoring of the cover
with the proper size material, are also included in the design.
5.1.2.5 Example Problem

An example problem in how to use the MUSLE is provided below.

Assumptions:

Site location: Westera Colorado

Site description: Uncovered tailings pond

Pond size: 160 acres

Slope: A 1

Length: 2500 Tt

Material; 42% sand greater than 0.10 mm;

58% fine sand and silt less than 0.10 mmg
5% clay less thap 0.002 mm;

0% organics;

{53% si1t plus fine sand less than 0.1 mm);
Consistency - fine granislar;

Permeability - slow to moderate.

The following factors have been determined for use in Equation 5.1.

R = 20 from Table 5.1

K = 0,50 from Figure 5.1

LS = 0.747 from Equation 6.2 and Table 5.2

V¥ = 1.0 (average from Table 5.3 based on an undistucbed surface)
Using Equation 5.1, the annual soil less {A) from the tailings pond due to
sheet erasion caused by flowing water is computed to be 7.47 tons/acre/
year, or 1195 tons/year from the facility. Therefore, the cover is esti-
mated to erode at a rate of 0.003 ft per year, or 0.3 ft/century.
5.2 SUMMARY AND FUTHRE STUDIES

The main application of the soil loss equation approach in the evalua-
tion of cover integrity is to determine whether it is possible for sheet

erosion to penetrate the tailings cover, thereby exposing bare tallings and
constituting a failure of the cover. The followup study will concentrate
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table 5.3, Typlcal VK Facter Valuzs Reparted ia the Litsrature,?

Londitian ™ Factor

1. Bare sl conditioas

freahly diskedt to 6.8 Jaches . 1,40
after gna rain .89
To0%e ta 12 inches smooth a.50
loote to 12 Inches rough .60
compucted bl 1dozes scraped up and down 1.30
Siwe axcapt root raked 1.20
conpacted bulldarer scraped acrost slape 1.2
Skive @xcept rook raked across 03¢
rough frregeler tracked alt directions 4.0
sand and Tartilizer, frish .64
Yane after six months D.54
senf, fertilfzer, and 12 pootht chéwmical H.38
mot. til¥ed algae crusted 0.01
tilled algie Crusteq B.02
compacted 1) 1.24 < 1,0}
undisturbed excapt scraped . .66 ~ 1.39
scarifind only 16 - 101
sawdust 7 ieches deep, ditked ia 0.6t
2. Maphalt eeylsion on bare sodl
1250 gadlons/acre L4
1210 galtomsfacre 0.81 - 0,019
505 gallonsjacre ¢34 - 8,57
302 gatlensfacre 9,38 « 9,50
151 gaYlonsfaces 0.65 « B.70
3. Dast binder
605 gatlensianre 1.05
1216 qallions/acre ¢.29 - %78
4, Oiher chemicals
100G 10, fider Glass foving witk 60-150 gallons afphalt amdlisionfacre 0.0 - p.DS
hauatain .68
kerosgeny 10, 10 pevcent cover 5,98
Curasol AE 0,30 ~ D.43
Prtroset 5B 0.40 « G.66
fall 0.1 - 0.3
Terre-Tack .55
Wood fider shuesy, 100D ibfecre freshb 8,05
Hood fibar slurry, 1400 10facre fresht 001 - 0.2
¥ond fiber siurry, 3500 1bfacre freind .30
S, Seedisgs
temporacy, 0 to 60 days g.40
temporary,; ATter &0 days 3,05
permaneast, O to 60 days S8
permaoent, ¢ to §2 sonths a.08
perdanent, after 12 conths 861
6. Brush
1. Excaisior blanket with plastic net 0.04 - 0.10

Yiote the variation in values of VK factors eeported by Jifferent researchers for the saue
maasures, References comfaining details of ressarch which peoducel these YR values are
fncluded In NCWRP Project 16=3 report, “Erdslon Contrel Quring Wighway Constructioa,
voi. 111, Bibliography of Wster and Mied Erosion Conteol Refersnces,” Transportatios
Research Board, 2101 Constitution Aweoye, Mashington, OC Z0E1E.

YTnis materisl 13 coamnly referced 1o a3 nydrowulch.
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